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WIRELESS IDENTITY TRACING SYSTEM FOR 
TRACING ANIMALS AND FOOD PRODUCTS 

BACKGROUND OF THE INVENTION 
5 [0001] Field of the Invention - The present 

invention relates to the tracking and tracing of 
contacts between animals or between food products or 
between animals and food products for the purpose of 
monitoring the transmission of disease. 

10 [0002] Disease can spread through contact between 

animals or through contamination of food arising from 
contact between food and animal products . It would be 
useful to maintain a record of the contacts that an 
individual animal makes with other individuals of the 

15 same and/or different species. Similarly, it would be 
useful to record the contacts between different food 
products, which may indicate possible sources of 
contamination between them. 

[0003] In the wild, animals may come into contact 

20 with each other at points such as feeding or drinking 
areas, courtship territories or breeding grounds, and 
migration routes. The contacts may be between animals 
of the same or different species including domestic 
livestock. Contacts between domestic and wild animals 
2 5 may be important in the spread of animal diseases such 
as the possible transmission of tuberculosis between 
badgers and cows. In the absence of direct 

observation or video recording, evidence of actual 
contact between the different species is difficult to 
30 obtain. 

[0004] In modern livestock farming, animals can be 

moved between several different locations during their 
lifetimes. For example, breeding stock are normally 
reared on specialist livestock farms and then 
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transferred to other farms to complete their 
productive lives. This transfer usually involves an 
auction market and at least one livestock dealer and 
two or more haulage contractors. At the end of their 
5 productive lives, the animal may pass through a cull 
stock market before being transferred to an abattoir 
or renderer. A similar or greater number of transfers 
may be recorded for animals reared for prime meat. 
[0005] In the food industry, food products may pass 

10 through several locations before reaching their final 
point of sale. For example, the production of a joint 
of meat for sale in a supermarket will usually involve 
an abattoir, a butchering venue, a wrapping plant, a 
distribution outlet, and a transport vehicle. At some 

15 or all of these venues, the joint may come into 
contact with joints or products from other animal 
carcasses and/or other food products. 

[0006] International Patent Application Publication 

Number WO02/076193 discloses an animal tracking system 

2 0 in which a data gathering device comprises a radio 
transmitter and receiver. A processor is arranged to 
transmit a signal including a unique identifier 
identifying the data gathering device and to receive 
signals from other devices each of which includes a 

25 further unique identifier identifying the other data 
gathering device. In the data gathering device 

described, the device periodically transmits an 
inquiry signal and then enters a wait state in which 
the receiver is turned on and the device waits to 

30 receive any responses to the transmitted inquiry 
signal . 
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DESCRIPTION OF THE DRAWINGS 
[0007] An electronic data collecting device and 
method will now be described further, by way of 
example only, with reference to the accompanying 
5 drawings, in which: 

[0008] Fig. 1 illustrates an example of an animal 

movement system; 

[0009] Fig. 2 is a block diagram of an electronic 

data collecting device; 
10 [0010] Fig. 3 is a flow diagram illustrating one 

embodiment of an enquiry operation of the electronic 
data collecting device; and 

[0011] Fig. 4 is a timing diagram illustrating an 

example of the operation of the receiver and 
15 transmitter of the electronic data collecting device. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0012] In the livestock environment, it is 

envisaged that electronic data collection devices are 
associated with agricultural livestock and also with 
5 premises and transport vehicles involved in the 
business of agriculture, e.g. livestock markets, 
abattoirs, transport vehicles, farm buildings, etc. 
[0013] Although the device is described in greater 
detail with reference to the livestock environment, 

10 the device is equally applicable to other 
environments. By way of example only, such devices 
may also be associated with other domestic or wild 
animal species or with features used by these species 
in feeding, reproduction, courtship, migration or 

15 dispersal such as feed troughs, trees, fences, marking 
posts, fish ladders, and other similar items. 
[0014] Fig. 1 shows an example of such a system. 

Each agricultural animal 1 has a Animal Product 
electronic data collecting device 2 associated with it 

20 in some way. To prevent fraud or error, it is 
advisable for the device to be tamper-proof and also 
extremely difficult to remove from the animal. The 
device may be formed as an ear tag, collar, implant, 
or bolus. As mentioned above, it is intended that 

25 facility electronic data collection devices are also 
provided at agricultural premises or on transport 
vehicles. For instance, a facility device 2 may be 
provided at each entrance to a livestock market 4. 
This device forms a record of all devices that have 

30 come into radio contact with it and hence all animals 
or locations with which those devices are associated. 
Similarly, a device 2 may be provided on an 
agricultural transport vehicle 5 (e.g. near the ramp 
of a truck) or farm building 6 to record all devices 
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that have come into radio contact with the device on 
the truck 5 or farm 6. An abattoir 7 may also be 
provided with one or more facility devices 2 to 
maintain a record of all devices that have come into 
5 radio contact with the devices at the abattoir 7. 

[0015] As shown in Fig. 2, the electronic data 
collecting device 2 comprises an antenna 21, a radio 
transmitter 22, a radio receiver 23, a processor 24, a 
power source 25, a data storage module 26, and a 
10 system clock 27. The device may include other 

components but only those components material to the 
description are shown . 

[0016] The radio transmitter/receiver 22, 23 

operates as a low power, radio frequency (RF) wireless 
15 system. 

[0017] Devices designed to be associated with an 

animal may have a variable transmission range for the 
transmitter, for instance in the order of one to 
twenty meters. Devices to be associated with a 
20 location (e.g. a farm, transport vehicle, livestock 
market, or abattoir) may be provided with a 
transmitter having a greater range, e.g. fifty to one 
hundred meters . A device for use in a reader may have 
a variable transmission range which may be selected 

2 5 according to the proposed task of the reader. 

[0018] The processor 24 may be any suitable 

processor but preferably is a low power processor to 
minimize the power consumption of the device. The 
processor 24 may be any suitable processor but 

3 0 preferably is a low power processor to minimize the 

power consumption of the device. 

[0019] The power source 25 may be any suitable 
source. For example, if the device is accessible to 
the open air, the power source may be an array of 
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solar cells. Otherwise the power source is likely to 
be a long-life battery or a kinetic energy conversion 
device . 

[0020] The data storage module 26 comprises 

5 non-volatile memory and stores a first unique 
identifier 260 electronically coded into the data 
storage module. This unique identifier is permanently 
associated with the device and hence the animal or 
article the device is attached to in some way. To 
10 prevent fraud or error, this part of the data storage 
module 26 is write-protected and may only be changed 
by authorized persons, e.g. the manufacturer or a 
government body . 

[0021] The data storage module stores further 

15 unique identifiers, for instance as short term 
parameters 262 or long term parameters 264, as will be 
discussed below. Parameters stored as short term and 
long parameters will be considered to be complete 
store parameters and parameters stored as short term 

20 will be considered to be recent store parameters. 

[0022] For a device 2 intended to be associated 

with an animal, it is envisaged that a compression 
algorithm will be used to manage the stored 
identifiers received from other devices. For 

25 instance, identifiers received within a first period 
(e.g. the last seven days) may be stored as a short 
term parameter 2 62 in the Recent Store and older 
identifiers may be stored, according to a compression 
algorithm, as long term parameters 264. A compression 

30 algorithm as described in WO02/076193 (which is hereby 
incorporated herein by reference in its entirety) may 
be used. For a device intended for purposes other 
than attaching to an animal, the memory may be larger 
as size is not so constrained. 
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[0023] Accordingly a first type of electronic data 
collecting device may be provided for an animal or a 
food item and is limited by its physical size, by its 
memory size, and by its energy source. This device is 
5 referred to herein as an Animal Product Device. 
Similarly a second type of electronic data collecting 
device may be provided for facilities such as a 
building, a vehicle, food processing equipment, 
feeding troughs, marker posts, and other similar 

10 items. This device is referred to herein as a 
Facility Device and may also include a Geographical 
Positioning System (GPS) and may be linked to an 
external power source. It is anticipated that the 
Facility Device will not be energy constrained and 

15 will possess more power, more memory, and a stronger 
signal than the Animal Product Device and will be able 
to transmit over a greater range. 

[0024] For both devices, the processor is arranged 

to receive, by means of a radio receiver, a wakeup 
20 call at all times. The wakeup call includes the 
unique identifier belonging to another electronic data 
collecting device or to an electronic reader. All 
wakeup calls are evaluated by the processor, and 
information from the wakeup call is either stored in 

2 5 the memory or discarded. A procedure for determining 

whether a wakeup call is stored or discarded is 
described further below. Preferably the date and/or 
time at which the wakeup call was received is also 
stored, together with the unique identifier of the 

3 0 transmitting device, and the date/time representing 

information on when the contact was made. 
[0025] For both devices, the processor 24 is also 

arranged to transmit its First Unique Identifier by 
means of the radio transmitter 22 . To conserve 
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energy, the radio transmitter 22 is normally in "deep 
sleep" and is switched on after the processor has 
received a wakeup call according to a pre -determined 
time interval, or a wakeup call triggered by a 
5 transmission from another electronic data collecting 
device, or a wakeup call from an electronic reader. 
An example of the process by which the Animal Product 
Device and the Facility Device transmit their First 
Unique Identifier in response to a wakeup call is 

10 described further below. When transmitting, the 

Animal Product Device and the Facility Device merely 
transmit their own First Unique Identifier. They do 
not establish a communication link with other 
electronic data collecting devices. 

15 [0026] A record of contacts is therefore collected 

and maintained for individual animals and for 
individual food products. A record of the contacts 
that an individual animal has made with other animals 
of the same or of a different species or with 

2 0 individual food items is made available, as is a 
record of contacts made by an individual food item 
with other food items of the same or of a different 
type or with an animal . 

[0027] Both the Animal Product Device and the 

25 Facility Device are designed to respond to a wakeup 
call from an electronic reader and to a request from 
the said reader to download their records to the 
reader. To download records from an Animal Product 
Device and/or a Facility device, the reader 
30 establishes a communication link with the electronic 
data collecting device. This process is described 
further below. The principal function of the reader 
is to gather the identities stored in Animal Product 
Devices and Facility Devices. The reader is therefore 
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able to send a wakeup call to the devices to establish 
a direct link with the devices and to communicate with 
a standard PC or other similar item, so that the 
information from the devices can be processed. 
5 [0028] Fig. 3 illustrates the operation of an 

embodiment of an electronic data collecting device 2 
(shown in Fig. 2). In such a device 2, the default 
operating condition of the device is for the receiver 
to be in a receive condition, i.e. the receiver 23 

10 (shown in Fig. 2) is predominantly in a switched on 

state. With the receiver 23 on (301), the receiver 
monitors (3 02) for receipt of a wakeup call or an 
interrupt from a timer. If no wakeup call is 

received, the device 2 checks (303) whether it is time 

15 to periodically turn on the transmitter and, if not, 
reverts to monitoring for a wakeup call (302) . The 
process of checking the time to perform an action may 
be automated using interrupt timers. 

[0029] When a wakeup call is received the device 
20 examines (305) any unique identifiers included in the 
wakeup call. The device 2 then checks (306) whether 
the received identifier is already stored in its data 
storage module 26 (shown in Fig. 2). If the received 
identifier is not already stored in the data storage 
25 module 26, the received identifier is stored in the 
data storage module 26 (307) and the processor 24 
turns on (308) the radio transmitter 22 and transmits 
(309) its own unique identifier. 

[0030] If the received identifier is already stored 

30 in the data storage module 26, the device 2 checks 
(303) whether it is time to periodically turn on the 
radio transmitter 22. If so, the processor turns on 
(308) the radio transmitter 22 and transmits (309) its 
own unique identifier. If not, the device 2 returns 
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to a listening state with the radio receiver 23 in a 
receive condition . 

[0031] Thus, the radio transmitter 22 is normally 

asleep and is only woken up (308) in response to the 
5 wakeup call (if the received identifier is not already 
stored in the data storage module 26) or when it is 
time for a periodic transmission. The device 2 then 
transmits (309) its own unique identifier. Once this 
is completed the radio transmitter 22 is turned off 
10 (310) and the device 2 returns to a state in which the 

radio receiver 23 is on and the radio transmitter 22 
is asleep. 

[0032] The period between periodic transmission may 

be fixed or variable. In the latter case, the device 

15 2 may also calculate a new period after each 
transmission of its own identifier. Thus after 

turning off the radio transmitter 22, the processor 24 
calculates (311) a new time until the next 
transmission. Although this is shown in Fig. 3 as 

20 occurring after the radio transmitter 22 has been 
switched off, it will be clear to a person skilled in 
the art that this calculation may be carried out at an 
earlier point in the cycle. 

[0033] Fig. 4 is a timing diagram illustrating an 

25 example of the operation of the radio receiver 23 and 
the radio transmitter 22 of the electronic data 
collecting device 2. The upper time line in Fig. 4 
shows the on/off status of the radio receiver 23 and 
the lower time line shows the on/off status of the 
30 radio transmitter 22. As can be seen, the normal 
operating state of the device 2 is for the radio 
receiver 23 to be on, i.e. in a receive condition. 
Periodically, the radio transmitter 22 is turned on 
for a periodic transmission; this is indicated in 
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Fig. 4 as occurring periodically for a time period A. 
During a transmission period, the radio receiver 23 
may be switched off, or it may enter a standby mode, 
or it may remain on. The time period between periodic 
5 transmissions is indicated by the reference letter P. 
This time period P may be fixed or variable. Once the 
periodic transmission has occurred, the radio 
transmitter 22 is switched off and the device 2 
returns to the default condition with the radio 

10 receiver 23 in a receive condition. 

[0034] Consider the instance of when a wakeup call 

is received (for instance at time W in Fig. 4) . In 
response to the wakeup call, the transmitter 22 is 
switched on, as described earlier with reference to 

15 Fig. 3, and the receiver may enter a new mode. This 
is indicated in Fig. 4 as period B of the transmitter. 
Once the transmission has occurred, the radio 
transmitter 22 is switched off and the device 2 
returns to the default condition with the radio 

20 receiver 23 in a receive condition. 

[0035] Thus an electronic data collecting device 2 

as described has a radio receiver 23 that is on for 
most or all of the time. The radio transmitter 22 of 
the device 2 is turned on in response to a wakeup call 

25 or at periodic intervals. During the periods when the 
radio transmitter 22 is on, the identifier of the 
device 2 is broadcast for receipt by any similar 
devices 2 in range. The message transmitted by the 
device 2 thus may act as a wakeup call for other 

30 devices2 of a similar type. 

[0036] The timing of the periodic transmissions of 

a device 2 may be determined in many ways. In one 
preferred implementation, the period is a function of 
the time since an identifier was last added to the 
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store of the device 2. For instance, the longer the 
time between additions to the store, the longer the 
period of the periodic transmissions may be. Thus the 
duration of the time interval between periodic 
5 transmissions will increase if no new identities have 
been added to the device 2 within a particular time 
period. This may occur for instance when a sheep 
stays on its home farm within a flock for a long 
period of time. This is described further below. 

10 [0037] The operation of a device 2 for gathering 

data and for use with an animal, location, etc. 
(referred herein as a Animal Product Device or 
Facility Device Reader) will now be described using 
CSP notation, as will the operation of a device 2 for 

15 reading the gathered data (this latter device will be 
referred to as a reader) . The term Collector as used 
herein refers to a Animal Product Device or to a 
Facility device. 

[0038] In the following description, N, Nl , etc. 

20 denote the identity of the devices 2. The variables 
n, nl, etc. describe the identity of any other device 
2 in the vicinity. [xX [N] is a piece of CSP syntax 
which in this context is used to mean "the unique 
process X [N] 11 where X [N] is a recursive process 

25 described in terms of the events and sub-processes 
defined in Table 1 below. It is therefore possible to 
list the possible sequences of events that may be 
traced by the process X [N] so described. 
[0039] For example, Traces [A] are the set of 

3 0 sequences of events that may be generated by a process 
A. 

[0040] Two processes A and B may be shown to be 

different by the generation of a valid trace segment 
of the process A that cannot possibly be generated by 
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the process B. Two processes A and B that generate 
the same set of traces (that is Traces [A] = Traces 
[B] ) are necessarily identical. 

Table 1. 

5 Events occurring in the Process Specification 



Event or Sub-Process 


Description of the Event or 
Sub- Process 


Receive [n] 


Term used to describe the 
event whereby a Animal 
Product Device or a Facility 
Device identifies that it 
has received a wakeup call 
and a Unique Identifier from 
another collecting device 
[n] making the transmission. 
To safeguard against fraud, 
the signal strength of the 
wakeup call will also be 
recorded using a flag that 
indicates whether the signal 
exceeds a given strength. 
If two devices were co- 
located on or in the same 
animal or food product, the 
transmission received would 
exceed the expected strength 
by a significant amount. By 
examining the store, these 
offending devices could be 
monitored. 


Transmit [N] 


Term used to describe the 
event whereby an Animal 
Product Device [N] or a 
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say once every second, and 
uses a stronger signal than 
the Animal Product Device . 


TimeToTransmit [N] 


The TimeToTransmit [N] event 
is a function of the system 
clock and small variations 
in the frequency will cause 
different data collecting 
devices to actually fire at 
different times . This is 
the randomization procedure 
used in Bluetooth. 


What IsInRecentStore [n] 


Event that occurs when a 
Reader is interrogating a 
Animal Product Device [n] or 
a Facility Device [n] 
concerning the contents of 
the recent store (262) . 


What IsInStore [n] 


Event that occurs when a 
Reader is interrogating a 
Animal Product Device [n] or 
a Facility Device [n] 
concerning the contents of 
the complete store (2 62 and 
264) . 


ReadOutRecentStore [N] 


Term used to describe the 
event whereby a Animal 
Product Device [N] or 
Facility Device [N] transmits 
the contents of its Recent 
Store (262) to a Reader. 
The devices only transmit 
the data in their own 
stores . 
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ReadOutStore [N] 


Term used to describe the 
event whereby a Animal 
Product Device [N] or 
Facility Device [N] transmits 
the contents of its Complete 
Store (262, 264) to a 
Reader . 


PutlnStore [n] 


This event is an abstraction 
of the process involved in 
storing the data. The Store 
may be organized in the form 
of several databases and the 
data collecting devices may 
use a two step process 
whereby, for example, the 
devices store data 
temporarily in a short-term 
memory before moving these 
data or a selection of the 
data into a more permanent 
place . 


NotlnStore [n] 


This event may occur after 
just a small search or after 
a more global search of the 
Store is made. The size of 
the search process will be 
decided after consultation 
with the customer. 


FoundlnStore [n] 


This event occurs if 
NotlnStore [n] does not 
occur . 


SetNextTransmission 
Time [N] 


Term used to describe the 
event whereby an Animal 
Product Device [N] or a 
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Facility Device [N] 
calculates the duration of 
the time interval, Pt , 
between the current 
transmission and the next 
periodic transmission and 
sets the actual time at 
which the next periodic 
transmission will take 
place. The value of Pt 
varies during the 
operational life of the 
device and is a function of 
the previous value of Pt and 
of the time that the last 
unique second identifier was 
received by the device. 


ReaderldentityRequest [R] 


Term used to describe the 
event whereby a Reader [R] 
transmits its First Unique 
Identifier and a request for 
all Animal Product 
Devices [n] and Facility 
Devices [n] to transmit their 
First Unique Identifiers [n] 
to Reader [R] . 


ResponseReceive [0] (sub- 
process) 


Term used to describe the 
sub-process whereby a Reader 
[R] enters a state in the 
process where it is waiting 
for responses from 
devices [n] following the 
transmission of a 
ReaderldentityRequest [R] 
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from Reader [R] . 


ResponsesReceived [n] 
(sub-process) 


Term used to describe the 
sub-process whereby a Reader 
[R] enters a state in the 
process where it receives 
the First Unique Identifiers 
of n devices and stores them 
in its memory store and is 
awaiting the n+1 response. 


Timelnterval [Max] 


Term used to describe the 
event whereby Reader [R] 
fails to receive the 
specified maximum number of 
First Unique Identifiers 
from surrounding devices [n] 
within a specified time 
interval Max. It may be 
possible for the user to 
vary the value of Max 
according to the field 
circumstance . 


ResponsesProcessed [n] 
(sub-process) 


Term used to describe the 
sub-process whereby a Reader 
[R] enters a state in the 
process where it initiates 
the processing of the First 
Unique Identifiers received 
from n devices during the 
sub -processes 
ResponsesReceived [0] 
...ResponsesReceived [n] . 


ResponsesReceived 
[Max] (sub-process) 


Term used to describe the 
sub-process whereby a Reader 
[R] enters a state in the 
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process where it has 
received a default maximum 
number of first unique 
identifiers from devices 
[n] . The Reader [R} then 
either returns to its 
initial state X [R] or 
proceeds to event 
ResponsesProcessed [N] . 


OutputDevices [N] 


Term used to describe the 
event whereby Reader [R] 
produces a list of all the 
first unique identifiers 
that it has received from 
Animal Product Devices [n] or 
Facility Devices [n] during 
the sub-processes 
ResponseReceived [0] 
... . ResponsesReceived [n] . The 
Reader [R] may also highlight 
the unique identifiers of 
those devices that are new 
to its RecentStore. 



[0041] The Device Process 

Collector [N] = |iX [N] . ( 
(1) Receive [n] 

5 (NotlnStore [n] -> PutlnStore [n] -> Transmit [N] -> 

SetNextTransmissionTime [N] | 
FoundlnStore [n] -> X [N] ) | 

2) TimeToTransmit [N] Transmit [N] -» 
10 SetNextTransmissionTime [N] -> X [N] 
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3) Readerldent ityRequest [R] -> Transmit [N] — > 

SetNextTransmissionTime [N] — » 
(NotlnStore [n] PutlnStore [n] — » X [N] | 
5 FoundlnStore [n] — > X [N] ) | 

4) WhatlsInRecentStore [n] -> 

(X[N] | 

ReadOutRecentStore [N] —> X [N] ) | 

10 

5) WhatlsInStore [n] 

(X[N] | 

ReadOutStore [N] x [N] ) ) 

15 [0042] The operation of a collector (where 

Collector [N] is either an Animal Product Device [N] 
or Facility Device [N] ) can be split into five main 
sub-processes marked 1, 2, 3, 4, 5 in the CSP process 
description language above. The first sub-process (1) 

20 occurs when the collector has received a transmission 
from another collector. The second sub-process (2) 
occurs when the collector itself decides that the time 
has come for it to broadcast its identity. The third 
sub-process (3) occurs when the collector receives an 

25 identity request from a reader. The fourth 

sub-process (4) occurs when a reader transmits a 
request for a particular collector to read the 
contents of its recent store. This sub-process (4) is 
designed so that only the collector that is addressed 

30 responds. The fifth sub-process (5) is very similar 
to the fourth sub-process and is the response of the 
collector when it receives a request from a reader to 
read the contents of all the memory. 
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[0043] Sub-process 1: sets out the process whereby 

the Collector [N] receives a transmission from the 
device [n] and the Collector [N] then broadcasts its 
First Unique Identifier and stores a second unique 
5 identifier received from the device [n] . 

[0044] The event Receive [n] occurs when the 

Collector [N] receives a transmission [n] from a 
device [n] which is nearby. 

[0045] On receiving transmission [n] , the Collector 

10 [N] checks its RecentStore [N] to see if it contains 

the unique identifier for the device [n] . This 
checking process triggers one of two scenarios. 
[0046] In the first scenario, the event 

NotlnStore [n] occurs if the unique identifier of 

15 device [n] is not present in RecentStore [N] . If event 
NotlnStore [n] is true, the Collector [N] then proceeds 
to the event PutlnStore [n] and then proceeds to the 
event Transmit [N] whereby the processor [N] of the 
Collector [N] switches on Transmitter [N] which 

20 broadcasts the First Unique Identifier [N] of the 
Collector [N] . On completing event Transmit [N] the 
Collector [N] proceeds to the event 

SetNextTransmissionTime [N] which is described in the 
Sub-process 2 below. On completing event 

25 SetNextTransmissionTime [N] , the Collector [N] returns 
to the listening state X [N] . 

[0047] In the second scenario, the event 

FoundlnStore [n] is True and the Collector [N] returns 
to the listening state X [N] without sending a 
3 0 transmission. 

[0048] Sub-process 2: sets out the process whereby 

the Collector [N] sends out a transmission [N] because 
a time Pt has elapsed since its last transmission 
without the Sub-process 1 occurring. Following the 



tMW/l 163838 



-21- 




transmission, a new Pt is calculated and used when the 
next transmission time is set. 

[0049] A periodic transmission occurs when the 
event TimeToTransmit [N] is triggered. During this 
5 event, the processor [N] of the Collector [N] switches 
on the Transmitter [N] and initiates the event 
Transmit [N] . On completing the Transmit [N] , the 

Collector [N] proceeds to the event 

SetNextTransmissionTime [N] . 

10 [0050] The event SetNextTransmissionTime [N] 

specifies the time interval Pt between each periodic 
transmission and the time at which the next periodic 
transmission will occur. A default value for Pt is 
specified during the manufacture of each collector 

15 [n] . The value of Pt can vary during the operational 

life of each collector [n] and preferably is a 
function of the last identifier Id_st received and 
stored by the, Collector [N] . An exemplary function 
for Pt is given below: 

20 [0051] Let MaxPt = 7200 sec 

and MinPt = 10 sec 

and the default value for Pt= 600 sec 
[0052] If the last Id__st is not in the 

RecentStore [N] and the current value of Pt is greater 
25 than 2MinPt, then set the new Pt value to the old Pt 
value divided by 2 . 

[0053] If the last Id_st is not in the 

RecentStore [N] and the current value of Pt is less 
than 2MinPt , then set the new Pt value to the old Pt 
3 0 value. 

[0054] If the last Id_st is already in the 

RecentStore [N] and the current value of Pt is less 
than MaxPt/2, then set the new Pt value to the old Pt 
value multiplied by 2. 
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[0055] If the last Id_st is already in the 

RecentStore [N] and the current value of Pt is greater 
than or equal to MaxPt/2 , then set the new Pt value to 
the old Pt value. 
5 [0056] Once the time interval Pt before the next 
transmission period has been calculated, the actual 
time for the next TimeToTransmit [N] event is set to 
the last transmission time + Pt . 

[0057] Sub-process 3: sets out the process whereby 

10 the Collector [N] receives a transmission from the 
Reader [R] and the Collector [N] then broadcasts its 
First Unique Identifier and stores a second unique 
identifier received from the Reader [R] . 

[0058] The event Readerldent ityRequest [R] occurs 

15 when the Collector [N] receives a wake-up call [r] from 
a Reader [r] which is nearby. 

[0059] On receiving a wake-up call [r] , the 
Collector [N] switches on its Transmitter [N] and 
initiates an event Transmit [N] . On completing the 
20 event Transmit [N] , the Collector [N] proceeds to event 
SetNextTransmissionTime [N] which is described in 
Sub-process 2 above. Completion of event 

SetNextTransmissionTime [N] then triggers one of two 
scenarios . 

25 [0060] In the first scenario, the Event 

NotlnStore [n] occurs if the unique identifier of the 
Reader [R] is not present in Recent Store [N] . If 
event NotlnStore [n] is true, the Collector [N] 
proceeds to the event PutlnStore [n] , and then returns 

30 to the listening state X [N] . 

[0061] In the second scenario, the event 

FoundlnStore [n] is True and the Collector [N] returns 
to the listening state X [N] without storing the unique 
identifier of the Reader [R] in its RecentStore 262. 
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[0062] Sub-process 4: sets out the process whereby 

the Collector [N] receives a transmission from a 
Reader [R] concerning its RecentStore [N] . 
[0063] On receiving a request from the Reader [R] 
5 to read what is in its recent store, the event 
What I s InRecent St ore [n] occurs. The Collector [N] 

examines the transmission from the Reader [R] to see 
if this contains its First Unique Identifier [N] . If 
the First Unique Identifier [N] is not present, then 

10 the Collector [N] remains in the Listening State X [N] . 

If the First Unique Ident if ier [N] is present, then the 
event ReadOutRecentStore [N] occurs whereby the 
Collector [N] switches on its transmitter [N] and 
transmits the contents of its RecentStore [N] 262 to 

15 the Reader [R] . The Collector [N] then returns to its 
listening state X [N] . 

[0064] Sub-process 5: sets out the process whereby 

the Collector [N] receives a transmission from a 
Reader [R] concerning its CompleteStore [N] (262 and 
20 264) . 

[0065] On receiving a request from the Reader [R] 
to read what is in its complete store, the event 
What IsInStore [n] occurs. The Collector [N] examines 
the transmission from the Reader [R] to see if this 

25 contains its First Unique Ident if ier [N] . If the First 
Unique Ident if ier [N] is not present then the Collector 
[N] remains in the Listening State X [N] . If the First 
Unique Identifier [N] is present then the event 
ReadOutStore [N] occurs whereby the Collector [N] 

30 switches on its transmitter [N] and transmits the 
contents of its CompleteStore [N] (i.e. 262 and 264) to 
the Reader [R] . The Collector [N] then returns to its 
listening state X [N] . 
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[0066] A Collector [N] thus operates in a dual mode 
whereby it responds to non-specific transmissions from 
other devices [n] and readers [r] within its 
transmission range (events Receive [n] and 

5 ReaderldentityRequest [R] ) , or it responds to a 
specific request from a Reader [R] to download the 
contents of its RecentStore [N] or CompleteStore [N] 
(events What IsInRecentStore [N] and What IsInStore [N] ) . 
[0067] The way a reader operates will depend on the 

10 circumstances. It may first collect the identities of 
the devices near by and then individually request a 
service from a particular device asking the device to 
read out the contents of the memory in either its 
Recent Store or its Complete Store. 

15 [0068] The Reader Process 

Reader [R] = jjX [R] . ( 

(1) ReaderldentityRequest [R] ResponsesReceived [0] 

I 

(2) What IsInRecentStore [N] 

20 ReadOutRecentStore [N] — > X [R] | 

(3) What IsInStore [N] 

ReadOutStore [N] -> X [R] ) ) 



where 

25 ResponsesReceived [n] =jaX . (Receive [nl] — » 
ResponsesReceived [n+1] j 
Timelnterval [Max] 
(ResponsesProcessed [n] | 
X[R] ) ) ) 

30 

and where 

ResponsesReceived [Max] =|jX Receive [nMax] 
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(X[R] | 

ResponseProcessed [Max] ) ) 
ResponsesProcessed [n] = jaX (OutputDevices [n] ->X [R] ) 

5 [0069] The reader process can be split into three 

main sub-processes marked 1,2,3 in the CSP process 
description language of the Reader Process above. The 
first sub-process (1) occurs when a Reader [R] 
transmits a reader identity request to all devices 

10 within its transmission range. The second sub-process 
(2) occurs when a Reader [R] requests a particular 
device [N] to read out the contents of its 
RecentStore [N] . The third sub-process (3) occurs when 
a Reader [R] requests a particular device [N] to read 

15 out the contents of its CompleteStore [N] . 

[0070] Reader Sub-process 1: sets out the process 
whereby the Reader [R] requests and receives the 
identities of all the devices within its transmission 
range . 

20 [0071] The process is initiated by an event 
ReaderldentityRequest [R] whereby the Reader [R] 
transmits its First Unique Identifier and a request 
for all devices within its transmission range to 
transmit their First Unique Identifiers. The Reader 

25 [R] then starts the sub-process ResponsesReceived [0 ] 

where it waits for responses from surrounding devices. 
[0072] The event Receive [nl] occurs when the Reader 
[R] receives a response from a device. The Reader [R] 
then starts the subprocess ResponsesReceived [1] 

30 whereby it updates its Store [R] with the unique 
identifier of the device [n] . This process of 

receiving and storing the first unique identifiers of 
surrounding devices is continued until subprocess 
ResponsesReceived [Max] is started. 
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[0073] If no responses are received within a 

default maximum time interval, the event 
Timelnterval [Max] is triggered and the Reader [R] then 
enters the subprocess ResponsesProcessed [n] , or it 
5 returns to its initial state X [R] . 

[0074] Subprocesses ResponsesReceived [Max] 

commences when the Reader [R] has received a 
pre-defined maximum number of first unique identifiers 
from n devices. On completing this subprocess, the 

10 Reader [R] either returns to its initial state X [N] , 
or it proceeds to subprocess ResponsesProcessed [N] . 
[0075] In the subprocess ResponsesProcessed [n] , the 

Reader [R] processes all of the First Unique 
Identifiers it has received from n devices during 

15 subprocess ResponsesReceived [n] . This is followed by 
event OutputDevices [N] whereby the Reader [R] produces 
a list of all the first unique identifiers that it has 
processed, for the reader user. This list may also 
highlight the identifiers of those devices that are 

2 0 new to its RecentStore [R] . The Reader [R] then 
returns to its initial state X [N] . 

[0076] Reader Sub-process 2: sets out the process 

whereby the Reader [R] transmits a request to a 
specific Device [N] asking it to download the contents 
25 of its RecentStore [N] to the Reader [R] . 

[0077] The process is initiated by event 

What IsInRecentStore [N] whereby the Reader [R] 
transmits a wake-up call to the Device [N] . The wake- 
up call includes the First Unique Identifier of the 
30 Device [N] , the First Unique Identifier of the Reader 

[R] and a signal requesting the Device [N] to download 
its RecentStore [N] to the Reader [R] . This event is 
then followed by the event ReadOutRecentStore [N] 
whereby the Device [N] reads out its RecentStore [N] to 
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the Reader [R] . Following this event the Reader [R] 
returns to its initial state X [R] . 

[0078] Reader Sub-process 3: sets out the process 

whereby the Reader [R] transmits a request to a 
5 specific Device [N] asking it to download the contents 
of its CompleteStore [N] to the Reader [R] . 

[0079] The process is initiated by the event 
What IsInStore [N] whereby the Reader [R] transmits a 
wake-up call to the Device [N] . The wake-up call 
10 includes the First Unique Identifier of the Device 

[N] , the First Unique Identifier of the Reader [R] and 
a signal requesting the Device [N] to download its 
CompleteStore [N] to the Reader [R] . This event is 
then followed by the event ReadOutStore [N] , whereby 
15 the Device [N] reads out its RecentStore [N] to the 
Reader [R] . Following this event the Reader [R] 
returns to its initial state X [R] . 

[0080] Readers [r] thus operate in a dual mode 
whereby a Reader [R] can transmit a non-specific 

20 request (the event Readerldent ityRequest [R] ) to all 
devices within its transmission range or a Reader [R] 
can transmit a specific request (the events 
What IsInRecentStore [N] and What IsInStore [N] ) to a 
specific Device [N] within its transmission range. 

25 [0081] In a further embodiment of an electronic 

data collecting device2 , the device 2 is arranged 
such that the default operating condition is for the 
radio transmitter 22 to be switched off and for the 
radio receiver 23 to remain in the receive condition 

30 for a period a seconds, and then, if no transmission 
is detected, to switch itself off for an interval P 
seconds, and then switch on again for a seconds. This 
sequence of receiver on, receiver off, receiver on, 
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continues throughout the operational life of the 
device 2 . On receiving a transmission from a second 
device 2, the sequence is suspended and the receiver 
23 remains in the receive condition until receipt of 
5 the transmission is completed. A transmission 

includes a standard signal such as an unmodulated 
carrier and the First Unique Identifier of the device 
2. A transmission lasts a minimum length 5t , whereby 
the transmission of the unmodulated carrier is a 

10 minimum of ct+p seconds. The use of a minimum period 
of oc+p seconds for the unmodulated carrier ensures 
that the receivers of other collecting devices [n] 
will receive the First Unique Identifier of the device 
[N] in full. On receipt of a wakeup call [n] and 

15 storage of a Second Unique Ident if ier [n] by the device 
[N] , the processor [N] of a device [N] is arranged to 
place the radio transmitter [N] into a transmit 
condition and the receiver [N] is switched off for the 
duration of the transmission. On completion of the 

20 transmission, the receiver [N] resumes the on/off 
sequence described above. 

[0082] Although the foregoing description of the 
present invention has been shown and described with 
reference to particular embodiments and applications 

2 5 thereof, it has been presented for purposes of 

illustration and description and is not intended to be 
exhaustive or to limit the invention to the particular 
embodiments and applications disclosed. It will be 
apparent to those having ordinary skill in the art 

3 0 that a number of changes, modifications, variations, 

or alterations to the invention as described herein 
may be made, none of which depart from the spirit or 
scope of the present invention. The particular 
embodiments and applications were chosen and described 
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to provide the best illustration of the principles of 
the invention and its practical application to thereby 
enable one of ordinary skill in the art to utilize the 
invention in various embodiments and with various 
5 modifications as are suited to the particular use 
contemplated. All such changes, modifications, 

variations, and alterations should therefore be seen 
as being within the scope of the present invention as 
determined by the appended claims when interpreted in 
10 accordance with the breadth to which they are fairly, 
legally, and equitably entitled. 
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